Older adults have high rates of sleep disturbance, die by suicide at disproportionately higher rates compared with other age groups, and tend to visit their physician in the weeks preceding suicide death. To our knowledge, to date, no study has examined disturbed sleep as an independent risk factor for late-life suicide.
spite unprecedented improvements in awareness and treatment, worldwide suicide rates in the past 50 years have remained alarmingly intractable, and among specific populations in the United States (eg, middle-aged adults), they have increased. 5, 6 Therefore, the prevention of suicide has been named a national imperative by the Institute of Medicine, 7 with recent calls from the US Surgeon General 8 to advance research and delineate evidence-based risk factors that reduce stigma, enhance access to care, and influence suicide prevention. Biological, psychological, and social factors are known to be associated with chronic and acute suicidal risk, including static and dynamic risk factors. [9] [10] [11] Sleep complaints are listed among the top 10 warning signs of suicide from the Substance Abuse and Mental Health Services Administration, 12 and a growing body of research indicates that objective and subjective sleep disturbances such as insomnia, nightmares, and poor sleep quality symptoms may present elevated risk for suicidal ideation, suicide attempts, and death by suicide. [13] [14] [15] [16] [17] [18] This topic has been reviewed by others. 19, 20 However, major methodological issues common to this area of research critically limit the validity and generalizability of such findings. Problems include frequent reliance on single-item, retrospective assessments of suicide risk or sleep disturbances (ie, often drawn from depression inventories) and common use of cross-sectional study designs at a single time point. This prevents assessment of the directionality of findings and evaluation of causal risk. Beyond these more basic design issues, a central methodological constraint in this literature includes failure to account for the confounding presence of depression severity. It is critical to determine independence of risk and rule out spurious associations given that sleep disturbance and suicidal symptoms are diagnostic criteria for major depression and considering that major depressive disorder is among the single best predictors of suicide. For these reasons, accounting for depressive symptoms among rigorous, prospective investigations is a necessary test to delineate disturbed sleep as a stand-alone risk factor for suicidal behaviors, independent of depressed mood, vs a correlate of greater depression severity.
Preliminary research addressing such methodological concerns suggests an association between insomnia and nightmare symptoms beyond the influence of depressed mood. This seems true among cross-sectional investigations evaluating suicidal ideation as a primary outcome, 17, 21, 22 in one psychological autopsy study 18 retrospectively comparing disturbed sleep among adolescent suicide decedents compared with controls, in a study 23 of sleep-related symptoms in the prediction of incident suicide attempts among military personnel, and within an investigation of electroencephalographic sleep parameters among patients having psychosis with and without a history of suicide attempts. 24 Even so, comparability across studies remains challenged by gross differences in methodology and diagnostic characteristics. Large-scale investigations, with ability to prospectively evaluate incidence of suicidal behaviors in association with subjective sleep disturbances, controlling for depressive symptoms, have not been conducted. In addition, no study to date has prospectively evaluated sleep indexes as a unique risk factor for the most severe of suicidal behaviors, death by suicide. Late life stands apart from other developmental periods insofar as it is characterized by increased prevalence of sleep complaints and disproportionately elevated rates of suicide. Older adults die by suicide at disproportionately higher rates compared with the general population, 25 with higher rates likely reflecting increased frailty of older people and greater lethality of methods used for a suicide attempt compared with younger age groups. 26 The structure, timing, and consolidation of sleep also change considerably in late life, with greater sleep fragmentation and difficulty maintaining sleep reported, as well as decreased time spent in the deeper stages of sleep, such as slow wave sleep. 27, 28 Large, multicenter investigations reflect these changes, with clinically significant sleep disruption reported in 57% of older adults. 28 The present study investigated whether subjectively assessed sleep disturbance conferred independent risk for suicide compared with control subjects within a populationbased, community study of late-life suicide. This article reports on a longitudinal epidemiological study of suicide risk among older adults conducted during a 10-year period. Based on the above findings, disturbed sleep was hypothesized to prospectively predict increased risk for suicide. In line with definitions by Kraemer and colleagues, 29 subjectively disturbed sleep quality was expected to emerge as a "variable risk factor" for suicide insofar as risk is both modifiable and precedes the specified outcome (suicide death). Next, poor sleep quality at baseline was expected to significantly predict increased risk for suicide, even after adjustment for concomitant mood symptoms. Finally, in line with research suggesting that difficulty maintaining sleep is especially common in late life, 30 we proposed exploratory evaluation of individual sleep items in the prediction of risk. 33 Controls were matched to suicide decedents on age, sex, study site, and duration in the Established Populations for Epidemiologic Studies of the Elderly project. Controls were sampled randomly from the cohort completing the follow-up interview closest to the date of suicide, and a direct interview was required for inclusion. The total sample was composed of 420 cases (400 controls and 20 suicide decedents) selected from 14 456 participants.
Methods

Participants and Procedures
Measures
Center for Epidemiological Studies-Depression Scale The Center for Epidemiologic Studies-Depression Scale (CES-D) is a 20-item scale designed to assess the presence of depressive symptoms. The CES-D summed index generates an overall assessment of mood disturbances, with higher scores indicative of elevated depressive symptoms. 34 For both cases and controls, baseline severity of depressive symptoms (CES-D total scores) were evaluated in the prediction of increased risk for suicide. Sites used different versions of this instrument. Several sites used the full, 20-item version, whereas 2 others used an abbreviated, 10-item version. To achieve comparability across sites, z scores were calculated for each participant based on the mean (SD) calculated for each site. Results were comparable across versions. Therefore, the 10-item version, administered across all sites, was used to allow for comparisons across sites. Although suicide ideation items are not present in the original CES-D version, one item that assessed sleep disturbance (ie, "my sleep is restless") was excluded from the CES-D total scores for all analyses.
Sleep Quality Index
The Sleep Quality Index (SQI), a 5-item, investigatorconstructed scale, was used to evaluate sleep quality. This scale was administered at the time of the baseline interview. Items on this index assessed difficulty falling asleep, difficulty staying asleep, early morning awakening, daytime sleepiness, and nonrestorative sleep. The frequency of each sleep complaint was assessed on a scale of 1 to 3 (1 indicates most of the time, 2 indicates some of the time, and 3 indicates none of the time). Sleep items broadly assessed the frequency and type of sleep disturbance (difficulty falling asleep, difficulty staying asleep, early morning awakening, and nonrestorative sleep) and resulting daytime function (daytime sleepiness), consistent with DSM diagnostic criteria for insomnia disorder. All items were summed to create an overall SQI, with total scores ranging from 5 to 15. For improved interpretability, all items were reverse scored, with higher scores indicative of poorer overall subjective sleep quality. Regarding reliability indexes, coefficient α for this scale was .544. Because Cronbach α may be reduced by brevity of questions alone, inter-item correlation coefficients for the measure were also conducted. These were significant across all but 1 of 10 possible combinations (range, r = 0.11 to r = 0.36). Table 1 summarizes the inter-item correlation matrix. Validated symptom instruments of subjective sleep quality, designed to assess similar insomnia symptom dimensions, show high test-retest reliability and validity, as well as fair to good correspondence to both daily sleep logs and objective sleep parameters.
35,36
Cognitive Impairment Cognitive functioning at baseline was evaluated using 7 items taken from the 10-item Short Portable Mental Status Questionnaire. 37 Items assessed knowledge of day and date, current and previous presidents, mother's maiden name, ranging from 1 to 4 (1 indicates no difficulty at all, and 4 indicates just unable to do it) to pull or push large objects, reach one's arms above shoulder level, write or handle small objects, and stoop, crouch, or kneel.
Vital Statistics Interview
Vital statistics were ascertained using follow-up interviews with participants, relatives, or other contacts, as well as death registrars at local government offices, linkage to the National Death Index, and scanning of local newspaper obituaries. Vital status was known for all participants, and death certificates were obtained for at least 98% at each site during the 10 years. Cause of death as suicide was indicated by an International Classification of Diseases, Ninth Revision, code between 950 and 959 on their official death certificate, and all cases had at least one direct interview.
Data Analytic Plan
Planned Analyses Using a case-control cohort study design, hierarchical logistic multiple regression analyses were used to examine whether poor self-reported sleep quality at baseline, controlling for baseline depressive symptoms, predicted an increased risk for suicide. For analysis purposes, participants were recorded as having died by suicide (coded as 1) or not (coded as 0) at follow-up. Death by suicide outcome constituted the dependent variable. Regression block 1 included the CES-D total scores as the independent variable. Regression block 2 included the SQI total scores as the independent variable. It was hypothesized that poorer self-reported sleep (lower SQI scores) at baseline would be significantly associated with death by suicide, even after accounting for depressive symptom severity as a covariate. A separate, secondary hierarchical logistic multiple regression was next conducted to examine the predictive value of each individual sleep item to risk for death by suicide (ie, difficulty falling asleep, difficulty staying asleep, early morning awakening, daytime sleepiness, and nonrestorative sleep). Death by suicide (yes or no) constituted the dependent variable. Regression block 1 included the CES-D total scores as an independent variable. In separate analyses, regression block 2 included each individual sleep item. These exploratory analyses were conducted to assess the predictive value of each individual SQI item in association with risk for suicide outcome at 10 follow-up years, with the CES-D total scores included as a covariate. Difficulty staying asleep was hypothesized to be significantly associated with suicide risk given its prevalence in late life.
Power
Power was assessed according to the sample size tables for logistic regression provided by Hsieh 41 and was based on previous studies 42 ,43 similar in design. It was determined that the proposed analyses had a power exceeding 0.80 (α = .05) to detect an effect size of an odds ratio of 1.3 or higher.
Results
Study Findings
Intercorrelations between variables and descriptive statistics are summarized in Table 1 and cide was death by firearm (n = 13), although the method of suicide varied considerably across the sample. The percentages of suicide attempts among decedents by method were as follows: firearm (62.0%), hanging (9.5%), cutting (9.5%), poisoning (4.8%), drowning (4.8%), lethal jump (4.8%), and suffocation (4.8%). The mean (SD) time to death in the present study was 4.24 (3.12) years for the sample overall and several years earlier for suicide decedents, at a mean (SD) of 1.75 (1.20) years. Regarding primary analyses, consistent with our hypotheses, results indicated that self-reported sleep quality at baseline significantly predicted increased risk for death by suicide (P < .001). Specifically, the total SQI scores (ie, indicating poorer subjective sleep quality) significantly predicted increased risk for death by suicide during the 10-year period. Table 2 lists the mean SQI total scores for suicide decedents vs controls.
Next, we controlled for the CES-D total scores in the model. In support of our hypothesis, the relationship between poorer sleep quality at baseline and increased risk for death by suicide at 10 follow-up years remained statistically significant (P < .05).
Next, exploratory analyses examined the 5 individual SQI items, each in its own regression block, in the prediction of suicide risk during the 10-year observation period, again controlling for depressive symptoms as indexed by the CES-D total scores. Contrary to expectation, one item (SQI item 5: nonrestorative sleep) was statistically significant (P < .05) in its association with increased risk for suicide at follow-up times, accounting for depressed mood. Another item (SQI item 1: difficulty falling asleep) emerged as a unique individual risk factor but as a nonsignificant statistical trend only (P = .08). By comparison, SQI item 2 (difficulty staying asleep), SQI item 3 (early morning awakening), and SQI item 4 (daytime sleepiness) were not statistically significant at the individual item level in the prediction of suicide risk (P > .05). Table 3 lists all test statistics, both before and after adjustment for depressive symptoms. Figure 1 shows the mean sleep quality differences between suicide decedents and matched controls.
Post Hoc Analyses
To further define sleep quality as a predictor of risk, a receiver operator characteristic analysis showed that the SQI total scores significantly distinguished suicide decedents from matched controls (P = .005). This revealed a fair area under the curve of 0.685, with a 95% CI ranging from 0.549 to 0.820 ( Figure 2) . Next, although the SQI total scores significantly predicted risk after adjustment for the CES-D, both variables were subsequently evaluated within a single regression model for comparison as predictors. This analysis revealed that the SQI accounted for more unique variance in the prediction of suicide risk compared with the CES-D when evaluated within the same model (χ 2 = 5.33, P = .02 vs χ 2 = 3.94, P = .047, respectively). Even so, based on scientific and clinical rationale (ie, the relationship of these variables to one another, their independent prediction of risk for suicide outcome, and the potential clinical usefulness of their interaction), we explored the extent to which these variables next jointly predicted suicide risk. A significant interaction was observed, wherein high scores on both the CES-D and SQI measures predicted greatest risk for suicide (χ 2 = 3.99, P = .046). Finally, with regard to individual sleep items in the prediction of risk for suicide outcome, 2 items reached statistical significance in the initial model (Table 3) . Therefore, a subsequent post hoc logistic regression analysis was performed to test whether the 2 items jointly predicted risk to a greater degree compared with each item alone. Omnibus tests revealed that, indeed, the combination of SQI item 1 (difficulty falling asleep) and SQI item 5 
Controls Cases
The mean Sleep Quality Index total scores are shown for cases (20 suicide decedents) compared with 400 age and sex-matched control subjects. Higher Sleep Quality Index total scores reflect poorer subjective sleep quality. Error bars represent standard errors. χ rately in the model. Covariate analyses evaluated cognitive and physical disability in the association between sleep quality and suicide outcome. As reported in an earlier study, 31 neither cognitive nor physical impairment scores significantly distinguished suicide decedents from matched controls (P > .05). Furthermore, cognitive impairment was not significantly associated with baseline SQI scores (P > .05). Based on linear regression analyses, the 3 brief indexes of physical impairment were positively associated with the SQI, with t = 2.24, β = .28, P = .03 (95% CI, P = .03 to P = .54); t = 4.99, β = .57, P < .001 (95% CI, P = .35 to P = .79); and t = 4.78, β = .20, P < .001 (95% CI, P = .12 to P = .28). However, these relationships were no longer statistically significant after adjustment for the CES-D (P > .05), suggesting that depression may largely account for this link.
Discussion
The aim of the present study was to examine poor subjective sleep quality as an independent risk factor for death by suicide in a population-based study of late life. Results revealed that poor subjective sleep quality at baseline was associated with increased risk for death by suicide at 10 follow-up years. Specifically, those reporting poorer sleep quality (higher SQI total scores) at baseline showed a 1.4 times increased risk for death by suicide ( Figure 1) . Next, analyses revealed that, when depressive symptoms were entered as a covariate, the relationship between poor sleep quality and risk for suicide death at follow-up times remained statistically significant, supportive of our hypotheses. Controlling for the effects of depressed mood, those with poorer sleep quality at baseline demonstrated a 1.2 times greater risk for suicide death during the 10-year observation period.
These findings converge with past research, diverse in design and samples, indicating associations between sleep disturbances and risk for suicidal behaviors, independent of depressive symptoms or affective disturbance. 17, 18, 21 Remarkably, although both sleep disturbances and depressive symptoms were higher overall among suicide decedents than controls, sleep disturbances outperformed depressive symptoms in the longitudinal prediction of risk for death by suicide 10 years later. This highlights the utility of sleep as an intervention tool and converges with at least one recent study 23 showing that a 3-item measure of sleeplessness and general fatigue outperformed symptoms of depression and hopelessness in the prediction of incident suicidal ideation and attempts. Our results nevertheless indicated that the endorsement of higher depressive symptoms and sleep disturbances yielded greatest risk for death by suicide. This demonstrates the importance of assessing disturbed sleep in the presence of other, well-established and robust risk factors for suicide. The present study contributes to the extant literature in several ways. To our knowledge, to date, it is the first study to evaluate incidence of suicidal behaviors in late life prospectively, as well as in the prediction of risk for the most severe of suicide outcomes, death by suicide. This is in part owing to the time and costs required to prospectively assess death by suicide, which are substantial. For example, during a 34-year period , only 46 studies reported on death by suicide as a primary outcome 44 ; of these, only a small minority evaluated population-based risk. Studies assessing death by suicide as a primary outcome measure include both psychological autopsy studies and population-based community investigations. Although each design provides invaluable information in the delineation of risk factors, longitudinal, community-based investigations (ie, as conducted in the present study) are unique insofar as they collect information directly from the individual, following the outcome (ie, suicide incidence) prospectively over time. Along these lines, this is the only known study to assess poor subjective sleep quality as a risk factor for suicide death within a population-based, prospective study design, controlling for depressed mood. Finally, this study reflects a nationally representative, populationbased study of community elders. Older adults die by suicide at disproportionately higher rates compared with the general population and relative to their smaller population demographic size. 25, 31 An additional strength of the present study is the evaluation of disturbed sleep in association with latelife suicide within a population-based sample of communitydwelling elders (ie, vs those residing in extended care facilities, where the majority of such studies tend to be conducted).
To explore specific sleep complaints in the prediction of suicide risk, we next examined 5 sleep quality symptoms individually in association with suicide risk at 10 follow-up years. Given age-related changes in sleep, difficulty staying asleep was hypothesized to be uniquely associated with increased risk for suicide. Contrary to prediction, 2 sleep quality items emerged as significant individual predictors of risk. Difficulty falling asleep and nonrestorative sleep (and their combination in particular) specifically predicted increased risk for suicide. However, after adjustment for depressive symptoms, this effect The receiver operating characteristic curve for baseline Sleep Quality Index total scores distinguishes cases (20 suicide decedents) from 400 age and sex-matched control subjects. Higher Sleep Quality Index total scores reflect poorer subjective sleep quality.
reached significance for nonrestorative sleep only. Although different from our hypothesis, cross-sectional studies 16, 21 are largely consistent with these findings, showing strong associations between general insomnia disturbance and poor sleep quality (ie, reflected by endorsement of nonrestorative sleep) and risk for both suicide ideation and suicide attempts. Future studies are necessary to evaluate how specific types of subjective sleep disturbance may interact to predict increased risk for suicide in late life. In the present study, poor sleep quality appeared to confer elevated risk for suicide, independent of depressed mood. This highlights the need for additional research that may identify potential explanatory mechanisms in this relationship. Based on the present findings, we propose that deficits in cognitive and emotional processing may play a central role in the link between sleep disturbances and risk for suicide. Both experimental and nonexperimental manipulations of sleep are consistent with this explanation, as well as emerging findings on the role of sleep in cognition and emotion. 45 For example, research indicates that sleep fragmentation results in increased emotional reactivity, intensifying negative emotional responses, while blunting positive affect. 46 Similarly, sleep deprivation among healthy adults is associated with amplification of amygdala activation, as well as increased reactivity to negative emotions such as anger and fear. 47, 48 Notably, a night of recovery sleep following sleep deprivation reverses this effect, decreasing amygdala activation and reducing such emotional reactivity. 49 Likewise, both emotion regulation and neurocognitive deficits are associated with elevated risk for suicidal behaviors, across age groups and outcome measures. [50] [51] [52] [53] [54] As one of several possible explanatory pathways, we thus propose that such deficits may lower the threshold for suicidal behaviors by impairing the processing of emotionally salient information and associated neural circuitry. Given their potential clinical utility, additional research investigating such explanatory factors is strongly warranted.
Results from the present study may importantly inform suicide risk assessment and suicide prevention efforts. Older adults are known to visit their primary care physician in the final weeks (45%) and month (73%) prior to suicide death. 55 Furthermore, at least one psychological autopsy study 18 indicates that disturbed sleep is visible to friends and family members in the weeks and months preceding death. Targeting disturbed sleep as a visible warning sign of suicide may, in this way, constitute a novel opportunity for improved risk detection, particularly among those at elevated risk. Along these lines, our findings were primarily observed among elderly white men, a demographic group that demonstrates disproportionately higher rates of suicide (14.3 deaths [47.0 deaths for those aged >85 years] per 100 000) compared with the general population (13.8 deaths per 100 000). 56 This more narrowed, demographic focus may specifically inform intervention among a group at heightened risk for suicide. Next, suicides in the present study occurred within a mean of approximately 2 years. This suggests that disturbed sleep may confer risk within a relatively acute time frame. Therefore, focus on a factor that is proximal to risk, overrepresented in late life, yet highly modifiable, may constitute a unique opportunity for suicide prevention. Finally, in both uncontrolled and controlled insomnia and nightmare treatment trials, improvements in sleep are associated with large posttreatment symptom reductions in depression and anxiety [57] [58] [59] and suicidal ideation specifically. 60 Such findings highlight the possibility that sleep may serve as a causal risk factor, underscoring the need for additional research. Several limitations of the present study should be noted. First, self-reported measures of sleep quality were used vs objectively measured sleep complaints. Therefore, it cannot be ruled out that subjective sleep quality may represent an underlying sleep disorder such as chronic insomnia, nightmare disorder, or obstructive sleep apnea. In addition, diagnostic information and other important covariates (eg, chronic pain, substance use, and diverse medical conditions), which may influence sleep quality, were not included in the present study. Therefore, future replication studies to evaluate such variables are recommended. Next, despite a large sample drawn from 14 456 individuals, the present study included 20 suicide decedents, 19 of whom were male. Although this reflects national rates and statistics, with a higher proportion of older men dying by suicide compared with women, 51 ,52 the present results should be interpreted as primarily applicable to men and chiefly white men. Finally, the present study assessed sleep within a large, epidemiological sample using an authorconstructed scale of sleep quality. Although multiple symptom domains (ie, frequency, severity, and daytime symptoms) from gold standard insomnia instruments [53] [54] [55] are represented in the scale, future studies are warranted using validated insomnia symptom measures.
Conclusions
In conclusion, findings from this study indicate that, independent of depressed mood, subjective sleep quality serves as a risk factor for suicide during a 10-year observation period. We suggest that poor subjective sleep quality may therefore represent a useful screening tool and a novel therapeutic target for suicide prevention in late life. Sleep disturbances have been included in the 2013 Veterans Affairs-Department of Defense clinical practice guidelines for patients at risk for suicide, 61 and findings from this study suggest rationale for their inclusion in similar evidence-based suicide risk assessment frameworks, intervention strategies, and clinical practice guidelines.
